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EU ban puts spotlight on complex effects of neonicotinoids 
The EU ban for the use of neonicotinoids in flowering crops that bees might visit 
has highlighted the unresolved scientific debates around these systemic pesticides. 
While the industry maintains that typical field concentrations aren’t toxic to honey 
bees, a growing body of independent research shows combination effects that may 
be just as devastating for bee colonies and wild pollinators. Michael Gross reports. Keeping bees: Bee keepers have experienced dramatic colony losses in the US and in some 
European countries in recent years. While some of them have supported the calls for neonicoti-
noids to be banned, others worry that the ban may lead to the reappearance of older pesticides 
that are even more dangerous for bees. (Photo: Wikimedia Commons.)Killing pest insects without harming 
useful pollinators is an intrinsically 
difficult task, and early pesticides 
used in the 20th century didn’t 
make this discrimination very well. 
Neonicotinoids were introduced in the 
1990s in an attempt to achieve a more 
specific, ‘greener’ elimination of pests. 
Rather than blanketing a field with 
toxic substances, farmers can plant 
seeds treated with neonicotinoids, 
which will then be incorporated into 
the plants. Thus, pest insects eating 
the plants will be poisoned, while 
pollinators visiting them will not be 
exposed to toxic concentrations.  
At least that was the idea. 
In the winter of 2006–2007, the 
mysterious ‘colony collapse disorder’ 
(CCD) of bees was first observed in the 
US — large numbers of bee colonies 
were found deserted without a trace 
of dead bees or indications of known 
diseases. Among other stress factors 
making life hard for bees in highly 
industrialised agriculture, as is the rule 
in large parts of the US, the relatively 
recent introduction of neonicotinoids 
became one of the suspects. 
Manufacturers of these substances 
fiercely defend their position that the 
concentrations that bees encounter 
in the environment are not toxic to 
them. But scientists now suspect that 
they may still play a part somehow, 
for instance in combination with other 
stress factors (Curr. Biol. (2011) 21, 
R137–R139), by slow accumulation, or 
by messing with bee behaviour. 
The European Commission has 
found enough ground for concern 
in recent research, and in a January 
2013 report from the European Food 
Safety Authority (EFSA), to ban the 
use of the main neonicotinoids in 
flowering crops that could be visited 
by bees (so there are exceptions for 
closed greenhouses and use outside 
the flowering season). The ban starts 
in December and will run for two years 
in this instance, buying researchers 
time to work out what exactly it is that neonicotinoids do to bees and other 
pollinators. 
Learning and memory
A crucial element of the current debate 
is the question whether the pesticides, 
possibly in conjunction with other 
stress factors, affect learning and 
memory in honey bees and other 
pollinators. Finding flowers with nectar 
and pollen is difficult because flowers 
are an unreliable food source; bees 
rely on their memory of floral traits and 
landmarks to locate and identify flowers 
associated with good resources. 
Neuroscientists are only beginning to 
understand how various chemicals may 
influence their ability to do this. 
For instance, Geraldine Wright’s 
group at Newcastle University (UK) 
has recently reported the surprising 
discovery that plants from the 
genera Coffea and Citrus offer small concentrations of caffeine in their 
nectar. While the concentrations 
are too low to be detected by bees 
(otherwise, the bitter taste would put 
them off), Wright’s research showed 
that the caffeine acts as a cognitive 
enhancer and increases the likelihood 
that the bee will remember the plant 
(Science (2013) 339, 1202–1204). 
Sadly, while plants are producing 
substances that improve bees’ 
memory, humans make chemicals that 
appear to damage it, as an unrelated 
body of research from the same lab 
has confirmed, in line with earlier work 
from other groups. For instance, Axel 
Decourtye at Avignon and Monique 
Gauthier at Toulouse, France, have 
equipped honey bees (Apis mellifera) 
with radiofrequency identification 
tagging and conducted field studies 
showing that neonicotinoids impact 
learning and memory in honey bees. 
Mickaël Henry and colleagues at 
Avignon used this technique to show 
that the neonicotinoid thiamethoxam 
reduces foraging success and may 




Buzzing protest: Environmentalists staged 
colourful protests outside the UK parliament 
ahead of the EU decision on neonicotinoid. 
The UK government voted against the ban. 
(Photo: Friends of the Earth.)Using conditioning experiments 
in the lab to study the effects of 
the neonicotinoid imidacloprid and 
the organophosphate coumaphos, 
which beekeepers often use to fight 
infestation of their hives with parasitic 
varroa mites, Sally Williamson and 
Geraldine Wright showed that both 
chemicals, at realistic concentrations, 
impair learning and memory in honey 
bees. Moreover, they found that the 
effects of both substances, which 
both target the cholinergic signalling 
system, are additive (J. Exp. Biol. 
(2013) 216, 1799–1807). 
“I think this [i.e. the combination 
of different chemicals] is at the heart 
of the problem with bees dying from 
these sublethal doses — a mixture of 
sublethal doses of several things kills 
them,” Wright explains. “This could 
be because of the pharmacology of 
the different pesticides, which is what 
I originally thought, but I’m beginning 
to think that the disappearing bees 
issue is that bees aren’t very good at 
detoxification of foreign substances. 
When confronted with several 
simultaneously, they don’t do very well.” 
In part, this may be related to 
the co-evolution of pollinators and 
plants based on mutual benefit. 
Plants depending on pollination will 
not normally poison bees, who, in 
turn, did not have the need to evolve 
defences against poison. Accordingly, 
the honey bee genome only contains 
relatively few genes for cytochrome 
P450 monooxygenases compared 
with other species. These enzymes are 
widely used in the metabolism of toxic 
substances.
Wright was also involved in a 
separate study by the group of 
Christopher Connolly from the 
University of Dundee (UK) that analysed 
the effects of the neonicotinoids 
imidacoprid and clothianidin and of 
the organophosphate coumaphos 
on a neurological basis. The study 
showed that the substances inactivate 
neurons in the mushroom body, which 
is believed to be the seat of insect 
memories. Again, the observed effects 
were prominent at concentrations 
that bees might realistically take up 
from the environment, and they were 
additive (Nat. Commun. (2013) 4, 1634). 
Sweet nectar
Another focus of attention is the diet 
of bees. Even if the neonicotinoids 
they encounter in foraging might be 
safe under normal conditions, subtle changes to their diet may change the 
situation in ways not anticipated when 
the chemicals were licensed for use in 
agriculture. 
Back in 2010, Cédric Alaux and 
colleagues at Avignon showed that 
exposure to the pathogenic fungus 
Nosema saps the insects’ energy and 
makes them eat more, resulting in higher 
than expected uptake of pesticides 
(Environ. Microbiol. (2010) 12, 774–782).
Recent research from the group 
of May Berenbaum at the University 
of Illinois at Urbana-Champaign has 
shown that the food resources that 
bees collect in their hives contain 
protective chemicals. Specifically, 
the researchers discovered several 
active ingredients that upregulate the 
genes for detoxifying enzymes from 
the cytochrome P450 family. Honey 
contains p-coumaric acid, which 
boosts all detoxification genes, as 
well as pinocembrin and pinobanksin 
5-methyl ether (Proc. Natl. Acad. 
Sci. USA (2013) doi: 10.1073/
pnas.1303884110). 
Berenbaum’s group could show that 
the presence of these natural inducers 
in bees’ nutrition helps the insects 
to metabolise the organophosphate 
coumaphos, widely used in apiculture to 
fight mites. The research also suggests 
that the practice of replacing honey with 
alternative food sources like corn syrup 
deprives bees of a natural protection 
mechanism. 
The interactions between various 
influences that pollinators experience 
in their activities are obviously 
more complex than anticipated 
by manufacturers and regulatory 
authorities. While it is straightforward 
to test the toxicity of one substance 
on a specific pollinator species, 
it is much harder to predict what 
other substances the species may 
encounter in the field, and what the 
combined effects may be. 
In a first attempt to assess such 
complex situations, the group of Nigel 
Raine from Royal Holloway, University 
of London, UK, has studied how the 
exposure to a combination of pesticides 
affects bumblebees, both individually 
and as a colony. The researchers 
offered two food sources, one with the 
neonicotinoid imidacloprid, the other 
with the pyrethroid l-cyhalothrin, near 
the entrance of a bumblebee (Bombus 
terrestris) nest (Nature (2012) 491, 
105–108). 
As bumblebee colonies are much 
smaller than those of honey bees, they present a simpler model of how effects 
on the individual bee may affect 
the wellbeing of the colony. Raine’s 
group found that the pesticides 
tested disturbed the natural foraging 
behaviour and increased the mortality 
of individuals, with implications on 
brood achievements and overall 
success of the colony. “We found 
that worker foraging performance, 
particularly pollen-collecting efficiency, 
was significantly reduced with 
observed knock-on effects for forager 
recruitment, worker losses, and overall 
worker productivity,” the authors write. 
The work also shows that the effects 
of each of the pesticides are additive 
when both are present, which, under 
realistic farming conditions, where 
bees visit several fields treated with 
different chemicals, is likely to happen. 
Wild bees
The choice of bumblebees as a model 
in that study chimes with the interests of 
ecologists and environmental scientists, 
for whom the largely industrialised 
honey bee doesn’t necessarily count 
as part of the natural environment. 
Bumblebees and other insect species, 
however, also play an important role in 
pollinating both agricultural and wild 
plants, and they are also suffering from 
a range of problems, including pesticide 
exposure and habitat loss. 
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Bumbling on: While honey bees are vital for many agricultural crops, wild bee species 
including bumblebees also play an important part in pollination of both crops and wild plants. 
(Photo: Michael Gross.)As far as the exposure to 
neonicotinoids is concerned, 
bumblebees may in fact be more 
sensitive than honey bees, as the 
group of James Cresswell at the 
University of Exeter, UK, has shown. 
Studying both species in direct 
comparison, Cresswell’s team found 
that bumblebees are relatively more 
sensitive to imidacloprid than honey 
bees (Zoology (2012) 115, 365–371). 
In a follow-up study currently in press, 
Cresswell’s group has analysed the 
clearance of imidacloprid in both 
species after continuous and pulsed 
exposure to the neonicotinoid. The 
results indicate again that honey 
bees cope somewhat better, as they 
accumulate less of the pesticide 
in their bodies (Pest Management 
Science doi: 10.1002/ps3569).
As was already mentioned in a 
previous feature (Curr. Biol. (2011) 21, 
R137–R139), environmental research 
in the Netherlands has focused on 
the build-up of neonicotinoids in the 
environment and its implications 
for other non-target invertebrate organisms. In a recent study, the 
group of Jeroen P. van der Sluijs 
from Utrecht University surveyed 
the concentration of imidacloprid in 
surface waters and the abundance 
of invertebrate species, and found 
a significant negative correlation 
between these parameters (PLoS One 
(2013) 8, e62374). 
What to do 
So is all this the death knell for 
neonicotinoids, and where can 
agriculture go from here? While 
experts agree that the data are 
still incomplete and that it is very 
difficult to get a realistic picture of 
all the stress factors that pollinators 
are exposed to in the field, the 
evidence that is building up against 
neonicotinoids isn’t going to disappear 
again. While a complete ban seems 
unlikely, tighter regulations on where 
and when they may be used will 
probably stay with us even after the 
two-year period of the current EU ban. 
This means that manufacturers 
and users also have to reconsider their practices and think about 
alternatives. A key reason why the 
British Beekeepers Association (BBKA) 
hasn’t called for a ban nor embraced 
the EU ban very enthusiastically is the 
fear that farmers may return to the older 
pesticides, which were even more toxic 
to bees. “An immediate ban could see 
us leap from the frying pan into the fire 
and inflict damage on bee populations,” 
the BBKA said in a statement released 
just hours ahead of the EU decision. 
Thus, policymakers will have to watch 
out for any unintended consequences 
of such bans and find ways to ensure 
good practice. 
On the other hand, many experts 
believe that the neonicotinoids were 
massively overused in recent years. 
In some cases, studies have found no 
specific benefits at all, and farmers 
often just used the treated seeds 
as a default precautionary measure, 
even if it wasn’t warranted. “They 
[neonicotinoids] do not need to be 
on virtually every annual crop seed, 
every year,” Christian Krupke of Purdue 
University told Science magazine. 
“Our pest pressures do not justify the 
practice in fields that I and others have 
examined.” 
Opposition to the ban from 
some quarters, including the UK 
government, cited the economic cost 
of losses due to pests. However, 
green alternatives to the blanket 
use of neonicotinoids do exist and 
should be more widely propagated. 
Moreover, the wider threats to 
pollinators should be addressed 
with concerted, international 
action. Andrew Pendleton from 
the environmental charity Friends 
of the Earth commented after the 
announcement of the EU ban on 
neonicotinoids: “This decision is a 
significant victory for common sense 
and our beleaguered bee populations. 
Restricting the use of these pesticides 
could be an historic milestone on 
the road to recovery for these crucial 
pollinators. But pesticides are just one 
of the threats bees face — if David 
Cameron is genuinely concerned 
about declining bee numbers he must 
urgently introduce a Bee Action Plan.”
At the end of the day, farmers may 
find that any damage caused by pests 
will be much less expensive than the 
loss of the pollinators.
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